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SHOCK IN1TIATION OF PENTAERYTHRITOL TETRANIIRATE CRYSTALS:
OPTICAL ADSORPTION AND EhlISSION STUDIES

R. N. MULFORD, J, J. DICK, and D. R. PE’IWT

Los Alat-nos Nmtiomd Laboratory, Box 1603, Los Almuos, New Mexico 87545”

Absorption am-f crnission spcctrn of initiating crystnls arc obt~im=d at two times during initiation, and a time.
resolved record of intcgrntcd light isobtsined during phmc-wnvr shork init irrtion of single crystals of PET!i nt
4 G Pa. Time-resolved photodiodc rrcords clermly show RII induction time duling which the trystal lIcrumrs
nbsorblng, a rcgiou of incrcnsing emissionwith inrrvrwing shuck travel time, nnd termination of ●rniwinl) hY
the returning r~efact ion. Evidwwr exists for cmcrgencc of n superclctnnntion wrtvent least 1.5-n~m LAiwl
the shock front. Resolved slwctroscopic rrarrds irhtify the nl~sorl]ing region iis slIockrd PETN, nnd WI~,.sI
evolution of NC)l rmd NO ruipnrt of the early rhrvuistry in the illitrrtion.

1. INTRODUCTION

Shock initintim smwitivity of single crystnls of

pclltnrrytllritol tctrnllit rwtr ( i>ETN) lli~qhrVIICXtCII.

siicly stlldic[l.1,1,~It IIM I)N*II KIIOWI1 tlln[ PETN’ mlI -

silivity (11.1)1*11(1*m) tllc miclltillinrr of rr!’still KXCS r(,l-

ntivv 10 the dirvrti{m of dKIrk propgntim, witl] thr

<110> iuiolllntirm Imjvillg Inost smw.itivc,zAn nnlImII-

Iol+ high .wnsilivity of the <.I 10> orirntntim nrolllld

4 GP:I r(,lrq)~,n~ls with Ii,rllt cllli.tsion,rrsII, Irrlllilw.1

in phtdogrnldlic (frnlllil}g I’nlIImn) rrr~uII ,, \ IggIYJillg

tllr ulility of hlrrl r(wr{)l)ic oxlwritlwnts ill (lrlc,I IIlillil]g

tlw Ilwrltnnislll of illitinl i(m.

IIt.hnvi,,r nt 4 GPn hn~ Iwrn d Idird in drtuil uqing
,,

Il]ltlrnl nlmwlltnm nlld I,IIllwItIn slwrlr{wo;~y m pnrt ~,~

n tlIIIIIMIglIMtIIIly.4

2. ltXIJfHllhfliNTAL

l’HrN rryxtnl~ werr rnh~wkrdwith Illnnr wmrw gm.

rrntr(l ill n ninglr. *lnRr liuh! gns glln nt l)rr..~llrvn Iw

IW,WI 3,45 NM! 4,:1’/ c;rn, Almmldi{ltl qwrtrn wmr

nwhsurrvl dllritlE nh(wli I Invrrnnl Ilf 1110vtynlnl usil)g

n I]t{}jrrti]r with 1111it.lolllnl Illirrcn III {Iitrrt illlltllil.n

I i,m fr,tlll n l(H)[)\\l nrr lmIIII thI(,l@thr rrystnl, A

111’1{1Irll* usIIl n Illilt,)r (Iirrrl Ihr trnnqllittml li~lll III

[Irlw,li{lll tiltlirn, Iflllliwil}ll qwrlln wrrr llwmmllr(lnilu

ilnrly, willtl}lll III{, illllltlillnli!ttl lllilr~ll, ml. kl,rt,trlllll

wnR ~li~lwnw~lwilll n 1 III IIIIIIIIII,lIIIIIIIrlI,l nml nr~lllirml

nt two tilncs with tux) oplir[J Illllltirllallll!,l illiill~:,t,rq

with ilnngc illtrnsifi(,m,

3. ltESULTS AXD DISC:lJSSION

Tim’ rmolvd rmmls wrrc oljtriin,vl frtml 1)111,t(,

diode output volt~gm, Plmtdimfr rerorrls for WVCIII]

cxprlimcnts fur slIImll in Figurr ], Alwor])titnl rSIIOI

imtmls nrr r}lnrnct II iwtl hy 111111mm] illil iill illll~llsily,

m%lhc nrr huup slliluw Ilumlgh thr unstmclwd cryslnl,

Tranqmiwion iH rxling!lishrd ~.? to 0.3 pNtY rrftrr t]w

n}ltwkwnvcclltors tlw Inntl rinl, MI(I is rrldnr~vl Ityrllli~.

sion of Iimw-wlyillrrrming illtrnsity whivh IIWSItnkwstlw

illlrn~ily uf thr nrr lmIIp niglml, h rlllirisit)ll MIII.C.

trum rOnfirIIIfr thnt Ihin light tms its rrrigitl willlin tlw

Kh,lrkrvl ~ryHtd, Almwlltitm nml rmiwiml rrl.{mls nrr

r(msi(lrrrd tn Iw il]flislitly,llisllnlllrnftor tllr tirsl 0 2 1{1

0.0 )1* ’C,silmr Ilw (Jl)n(’ily t)f Ihr slIIIvkr,l rIySt IIl trr

lll]llntrs Iigllt frmn thv njr lmIIp, Two rim:.,.I ,Iq *I,IIW

rm itlflvrl it) on tlw Iiw’ rrml n Ninglr prnk 1’111’!)! 111,1

rrwmln dI(m n (1,III)+ Iwnk ntIllrtllrr. t(dl,mwl lIy II

drrny. Thi:! dwny in illil Illy rxl)[mrnlin[, mIIl IIIny {w

IMy md r 1111illlw tfI 21,rc~liRlll Irwl

Almly~il, of th~ Ilmn in fnrililntml I)y rt)llll]nti

R(III [If tllr Icmu{l with Iilr x I tlin~rnlll, n~.%lIIIWIIill

Fi~llrr 2,

‘f’tw ill(l~wti(m Iinw i, r etilinsi,,llin r,,llsiqlrlll wili,

n Zi)lw !)f Ilixilly nlwullitl~ ●luwk.tl lll,;’[’S I.xI,:I il,fi
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Comparison of photorliode rrcmrls nnrl x.t diw

grnma for the shockcxporimcllts producing ths=mshuws

that the mrsximum in rr-niwion illtc[lsity occurs abrsut

0.15 Iisw aftm the arri~nl of thr shock III dw frrr

boundary uf the crystal aud the st:mt of llIr rwc,fwtinll.

This time intrrvd is exnctly hnlf the timo required

for onset of emiwion in any particulrM experiment, This

behavior is consistent with an ab~~rbing zone occu~-

ing 0.75 to 1,3 mm (0.20 to O.40 ~) behind theshock,

The rctuming rarefaction first p- through thn ab

sorbing rrgion, thrn, at a penctraticm depth of 0.6 to

0.8 mm, bcgius to quench the emission, traveling back

through the ●mitting nmtmid. S mooth decay h ob

served rM the rrturning mrefaction prngre~, which

confirms that the rsmctionin smolving at a rate urlFki-

ent tormrchu strady state intemity before as-rid of the

rtuwfactiorr, Figure 2 shows comelation of ttw x-t riia-

grnm with the photrxliode record for the 3,5 Cl% ex.

pmimrnt, (.)thcr photor-limit rerordo show longer decay

])rrimls hrfore nrriwd of thcsuperdctonrrtinll wave, The

rrcs-m-fat 4.2 G PSIshrew a flat r-rgitm that correaprmris

to thr il( vvlopl)wlit of the inlcrmrdintr. vekrity shock.
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,A s(.c,)nll lwak ig $isil)lo ill sll,jts G753 ?.lldG7S4.

shown ill Figllro 1, INlt cot in Jl(jts G7S1 and G782.

This sswsnd licmk ciil~ hc .xwrrli,tcd with tlw cxpcrtcd

inter’section of thr slllj{,[t!(,tt,!l;ll im ru]~l lhr rNt”filctiO1l.

TIW mlwrg(,[lceof the suprr(h’tw}ntion .ns K pmk in the

intensity supports tlw idra of Lwntimling rcrwlion of

the matcni+l Lrhind thr shock, which is dmeloping into

thr s(lljt,r{lctllllnli[)ll. In G7S2 nnd C;7S1, whrrr the su-

Pcrdetonntion dcscsnot dwelop in tir-m to bc ohww-vcrf,

lhc light level returns to zero m%thr mrrfncti,m ronl-

pletrs ita rcturm through thePETS crystnl.

Abmnce of the superdetcmntirmill shots Ci@l and

G7S2 rnny further suggcsLthr illllmrt ill)t”eof continuing

rrrirt irm in the slmckml mrlorial in prt,llmt illg dcvclrsp

mrv]tof thr sllpcr(lt.lolllkti(~n. III bc,lh SIIOIS, tlw re-

turning rnrrfucli(~li fr(ml Ilw fllw’tl silicn nnvil rmlucrs

the prcssr-rrcM 0.75 and O.W IJWC Iwhind thr shock

WVC, rcspcrtivcly, 0.?3 to O.-1pscc hrftwc tlw hntici.

p~tcd onset of slll>c~rclrt,~ll[~ti(,ll,if the sllllt.r~lrt(~[lati(lll

wnvc is illmginrd to (Jriginntr al tlm Imck surfr.rc of

the crystn.1, nt ttw cnrlir~t po.ssihlr tilnr. Thw (Imp in

llrr~sur(, (Irril wit Ilill lIw sluwlml rt,gi(m rqquwcllt Iy ill

hil}ils rllwr~mlrc (,f Ihr sllllt.l(lt’l(,lilil if,ll {)11 tlN’ Ilsllill

Iilll(wnlr,
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